The aim of this study was to determine the effect of diet supplementation with propolis and/or bee pollen on the performance indicators of broilers. This experimental study was conducted on 200 Ross 308 broilers equally distributed by sex and divided into five groups. Throughout the whole study the control group of chickens was fed feed mixture. Feed mixture fed to the experimental groups of chickens contained additives (propolis and/or bee pollen, each supplement separately or in combination in a certain proportion). The average values of broilers body weight were significantly higher on 7 th (p=0.001), 14 th , 21 st , 28 th , 35 th (p<0.001) and 42 nd (p=0.002) day of feeding in the experimental groups of broilers compared to the control group. The average values of broilers weight gain were significantly higher on 1 st (p<0.001), 2 nd (p=0.002), 3 rd (p<0.001), 4 th (p=0.029) and 5 th (p=0.009) week of feeding in the experimental groups of broilers compared to the control group. This study has undoubtedly shown that propolis and bee pollen have significant positive effect on performance indicators of broilers.
INTRODUCTION
High growth rate and feed efficiency are the two main targets in poultry production (Sugiharto, 2016) . The forbidden increase in investment costs, especially the cost of feed, is among the limitations in commercial broiler production. Achieving higher net yields and reducing high feed costs are the main challenges that many research strategies try to solve, notably by usage of feed supplements in the diets of broilers (OleforuhOkoleh et al., 2015). For several decades, antibiotics have been widely used in the chicken diet (Hascik et al., 2016) . However, the use of antibiotics in broilers feeding has resulted in numerous problems such as the development of antibiotic-resistant bacteria and the appearance of drug residues in final products that can be harmful to consumer health. Therefore, the use of antibiotics as a growth promoter is no longer acceptable and is prohibited in the European Union countries (Goodarzi et al., 2014) . As a consequence, natural substances such as propolis and bee pollen have received increased attention as possible antibiotic growth promoter substitutions in chicken diet due to their wide range of potential beneficial effects (Hascik et al., 2016) .
Propolis and bee pollen belong to a group of natural substances of animal and vegetable origin with a particularly expressed antioxidant and antimicrobial properties (Krocko et al., 2012; Babaei et al., 2016) . The bioactive components of propolis and bee pollen include flavonoids, phenolic acids and their derivatives which are also responsible for the bactericidal, antiviral, antifungal, analgesic, anti-inflammatory, antioxidant, immunostimulating and immunomodulating effects of these compounds in humans and animals (Talas and 
MATERIAL AND METHODS

Animals and diets
The study included a total of 200 day-old chickens of the Ross 308 provenance. The fattening trial of the chickens was carried out on a family farm in Eastern Croatia under the supervision of the Division for Animal Production and Biotechnology, Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj Strossmayer University of Osijek. The experimental protocol was approved by the Committee for Animal Welfare of the Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj Strossmayer University of Osijek. Total of 200 chickens of the Ross 308 provenance, evenly distributed sexes, were randomly divided into 5 groups (40 chickens in each group), one of which was the control group (K) and the other four experimental groups (P1, P2, P3, P4). For the purpose of more effective monitoring of all the investigated indicators, on the seventh day of the trial all the chickens were marked with a leg ring. During the study all the groups of chickens were fattened under the same conditions (Klaric et al., 2018a) . Temperature, humidity and lighting in the facility were maintained within optimum limits according to the manufacturer's recommendations for Ross 308 hybrid (Aviagen, 2014) . Fattening was conducted on the wooden sawdust, and lasted for 6 weeks (42 days). During the study, feed and water were given to chickens' ad libitum (Klaric et al., 2018a) .
From days 1-21 of the study chickens were fed a mixture of starter, and from days 22-42 of the study they were fed a finisher mixture. The composition and calculated analyses of feed mixtures used in the broilers feeding are shown in Table 1 . Throughout the study the control group (K) of chickens was fed a standard feed mixture without additives, while the experimental groups of chickens (P1, P2, P3, P4) were fed feed mixtures containing additives -propolis and/or bee pollen as follows: P1 group: feed mixture + 0.25 g of propolis/kg of feed mixture + 20 g of bee pollen/kg of feed mixture; P2 group: feed mixture + 0.5 g of propolis/kg of feed mixture; P3 group: feed mixture + 1.0 g of propolis/kg of feed mixture; P4 group: feed mixture + 20 g of bee pollen/kg of feed mixture. Blending of propolis and bee pollen into the feed mixture was done in a vertical mixer (Briketstroj Ltd., Valpovo, Croatia) (Klaric et al., 2018a) . Samples of raw propolis and bee pollen used in this study were obtained from apiaries located in naturally preserved areas of continental Croatia (around the city of Osijek, eastern Croatia). Propolis and bee pollen were crushed and, in powder form, were mixed with dry feed mixture by a vertical mixer. Bearing in mind that the biological activity of propolis and bee pollen depends on the components of polyphenolic fraction, mainly flavonoids, in propolis and bee pollen samples used in this study the amount of total flavonoids, expressed as equivalents of quercetin was determined by colorimetric method according to Chang et al. (2002 th and 42 nd day of the feeding trial using an electronic scale Avery Berkel FX 220. Based on the measured values the average value of body weight of broilers from all the groups has been calculated, while difference between body weights was used for the calculation of weight gains (WG). During the trial, feed consumption (FC) was recorded in weekly intervals for each group of broilers. Based on the total amount of consumed feed and overall weight gain, feed conversion ratio (FCR) was calculated for each week.
Statistical analysis
Descriptive statistics were used for data processing and analyzed using statistical package Statistica for Windows 2010 (version 10.0, Stat Soft Inc., Tulsa, OK).
Normality of data distribution was tested by the ShapiroWilkinson test. The numerical variables were described as mean and standard deviation. Kruskal-Wallis test was used for the comparison of numerical variables among the groups. Fisher's exact test was used for the comparison of categorical variables between the groups. On all statistical analyses, two-sided p-values of 0.05 and lesser ones were considered significant. Different lowercase letters at the level of statistical significance of p<0.05 assigned to the individual values in the tables indicate a statistically significant difference while the same lowercase letters assigned to the certain values in the tables indicate the absence or lack of statistically significant differences.
RESULTS AND DISCUSSION
The average values of the measured body weights of broilers from all the groups according to the feeding period are shown in The present study showed that average values of body weight of broilers were significantly higher on 7 th , 14 th , 21 st , 28 th , 35 th and 42 nd day of feeding trial in the experimental groups of broilers compared to the control group, pointing to the fact that propolis and bee pollen have positive effect on body weight of broilers. 2013) who found out that the addition of propolis had negative effect on body weight of broilers. This study showed that average body weight increase of broilers from a particular group is consistent with the increase in the quantity of added propolis. Furthermore, the study revealed that propolis and bee pollen do not have a synergistic effect in terms of increasing body weights of broilers because broilers from P1 group (which received a combination of propolis and bee pollen) did not have a greater body weight in relation to broilers from P4 group that received only bee pollen. These results are consistent with the results of other similar studies (Attia et al., 2013 (Attia et al., , 2014 . Finally, this study showed that bee pollen is more effective in increasing body weight of broilers compared to propolis because during all 6 weeks of the feeding trial the broilers from P4 group (which were supplemented with bee pollen alone) had the highest body weights compared to the broilers from the other experimental groups and broilers from the control group. The latter is opposite to the results of aforementioned similar studies (Attia et al., 2013 (Attia et al., , 2014 which determined that bee pollen and propolis are equally effective in enhancing growth performance of broilers.
The average values of the calculated weight gains of broilers from all the groups by the feeding period are shown in Table 3 . Statistical analysis has shown that there was a statistically significant difference in average weight gain of broilers between the experimental groups and the control group on the 1 st (p<0.001), 2 nd (p=0.002), 3 rd (p<0.001), 4 th (p=0.029) and 5 th (p=0.009), week of the feeding trial. The average values of weight gain of broilers were significantly higher on 1 st , 2 nd , 3 rd , 4 th and 5 th week of the feeding trial in the experimental groups of broilers compared to the control group pointing to the fact that The values of weekly feed consumption for all broiler groups are shown in Figure 1 . Statistical analysis has shown that there was no statistically significant difference in average values of weekly feed consumption of broilers between the experimental groups and the control group on any week of the feeding trial (p>0.999). Considering positive effect of propolis and bee pollen on growth performance of broilers, determined in this study, it is important to point out that different authors interpret this positive effect in different ways. For example, Omar et al. (2002) point out that any substance having antimicrobial properties, such as propolis also has a considerable capacity to promote growth because it prevents the development of different sub-clinical infections which compromise the growth of chickens. Khojasteh Shalmany and Shivazad (2006) emphasized that higher consumption of feed, in chickens fed with the addition of propolis, is most likely the result of its positive effect on general health status of chickens. The same authors also believe that the feed with the addition of propolis is tastier for animals due to a mixture of resin, wax, honey and vanilla content and therefore animals prefer to consume it in larger quantity. In addition, the same authors speculate that the higher weight gain in animals fed the addition of propolis is probably caused by the high content of flavonoids in propolis which stimulate the appetite of animals and encourage them to greater feed consumption. According to these authors, better feed conversion ratio in animals fed with the addition of propolis can be explained with the high content of flavonoids which stimulate the appetite of animals, and better general health status of animals fed the addition of propolis compared to animals in the control group ( 
CONCLUSION
In conclusion, the present study undoubtedly determined that addition of propolis and/or bee pollen to feed mixtures has significant positive effects on performance indicators of broilers. Following the obtained results, it can further be concluded that the application of propolis and bee pollen as natural additives in broiler feeding significantly improves the broiler production. The promising and encouraging results of this study emphasize the importance of evaluating the administration level of the investigated supplements in order to maximize their efficacy in commercial broiler production.
